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Abstract 
Purpose: Previously conducted studies have demonstrated significant topographical changes following 
overnight wear of both normally configured (non-inverted) and inverted -6.00D silicone hydrogel lenses. 
Further, a distinct difference in topography was realized between eyes wearing the inverted vs non-
inverted lenses. These results suggest that silicone hydrogel lenses may be sufficiently rigid to potentially 
effect predictable changes in corneal topography following overnight wear. This investigation was 
designed to study the effects of overnight wear of -9.00D silicone hydrogel lenses to evaluate changes in 
corneal topography and to compare these results with previously collected data to determine if they result 
in greater changes in topography due to increased rigidity of the lenses. 
Methods: Baseline corneal topography data was collected for N = 11 subjects. The subjects were then fit 
with -9.00D Focus Night & Day (CibaVision) silicone hydrogel lenses. All subjects, who were recruited 
based on their participation in the initial study, wore a non-inverted lens on one eye and an inverted lens 
on the other eye, to match the conditions of the previous study, which was determined by a randomization 
schedule. Lenses were removed following 12hrs of continuous wear, including 8hrs of overnight wear. 
Following removal of the contact lenses, corneal topography data was collected, and a comfort survey 
was completed comparing the subjects' perception of comfort with both the non-inverted and inverted 
contact lenses. 
Results: The inverted -9.00D lens resulted in significantly (p 
Conclusions: Greater corneal flattening was realized with inverted silicone hydrogel contact lenses vs 
non-inverted lenses. Further, the effect was greater with higher powered minus lenses. These data 
suggest that planned corneal reshaping to correct for refractive error may occur with appropriately 
designed silicone hydrogel lenses. Both inverted and non-inverted contact lenses were well-tolerated 
during overnight wear. 
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Abstract 
Purpose: Previously conducted studies have demonstrated significant topographical 
changes following overnight wear of both normally configured (non-inverted) and 
inverted -6.00D silicone hydrogel lenses. Further, a distinct difference in topography was 
realized between eyes wearing the inverted vs non-inverted lenses. These results suggest 
that silicone hydrogel lenses may be sufficiently rigid to potentially effect predictable 
changes in corneal topography following overnight wear. This investigation was designed 
to study the effects of overnight wear of -9.00D silicone hydrogel lenses to evaluate 
changes in corneal topography and to compare these results with previously collected 
data to determine if they result in greater changes in topography due to increased rigidity 
of the lenses. Methods: Baseline corneal topography data was collected for N = 11 
subjects. The subjects were then fit with -9.00D Focus Night & Day (CibaVision) 
silicone hydrogel lenses. All subjects, who were recruited based on their participation in 
the initial study, wore a non-inverted lens on one eye and an inverted lens on the other 
eye, to match the conditions of the previous study, which was determined by a 
randomization schedule. Lenses were removed following 12hrs of continuous wear, 
including 8hrs of overnight wear. Following removal of the contact lenses, corneal 
topography data was collected, and a comfort survey was completed comparing the 
subjects' perception of comfort with both the non-inverted and inverted contact lenses. 
Results: The inverted -9.00D lens resulted in significantly (p<O.OIO) greater corneal 
flattening nasally compared to the non-inverted contact lens. A greater flattening 
(p<0.005) of the corneal topography occurred with the inverted -9.00D lens vs the -6.00D 
lens. Comfort between the inverted and non-inverted lenses was not significantly 
different. Conclusions: Greater corneal flattening was realized with inverted silicone 
hydrogel contact lenses vs non-inverted lenses. Further, the effect was greater with 
higher powered minus lenses. These data suggest that planned corneal reshaping to 
correct for refractive error may occur with appropriately designed silicone hydrogel 
lenses. Both inverted and non-inverted contact lenses were well-tolerated during 
overnight wear. 
Key Words: Corneal reshaping, silicone hydrogel lenses, refractive error, corneal 
topography, contact lens comfort, overnight contact lens wear. 
Introduction 
A previous study, conducted at the Pacific University College of Optometry, 
demonstrated orthokeratology effects following overnight wear of -6.00D silicone 
hydrogel contact lenses 1. Corneal topography changes resulted from wearing these lenses 
both inverted and non-inverted, although greater changes at some corneal positions were 
demonstrated with the inverted lenses compared to the non-inverted lenses. Most 
notably, there was a significant change nasally, with a mean increased corneal flattening 
of 0.26D with the inverted contact lens vs the non-inverted contact lens. Additionally, 
topography changes following inverted overnight contact lens wear appeared to 
demonstrate a similar pattern when the subjects' corneal topography maps were 
compared. Subjects also reported similar comfort wearing contact lenses both inverted 
and non-inverted. Mountford noted similar changes with plus powered silicone hydrogel 
lenses 2• 
The present study was designed to evaluate the effects of overnight wear of silicone 
hydrogel lenses of higher power with assumed increased thickness and rigidity. Silicone 
hydro gels are stiffer than conventional hydro gels due to the incorporation of silicone 3• 
The modulus is 4-6 times greater than low rigidity materials like etafilcon A. The 
materials with the highest ratio of silicone to water are the stiffest and the Ciba Vision 
Focus Night & Day lens has the highest modulus of silicone hydro gels available on the 
market 4. Given this, it was important to determine if a thicker lens design would have a 
deleterious effect of patient comfort when worn in the inverted configuration. The 
investigators theorized that contact lenses of higher powers would result in an increase in 
the magnitude of corneal flattening with overnight wear. 
The introduction of a soft contact lens to be used as a corneal re-shaping modality for the 
correction of refractive error would be a significant development. The use of a highly 
oxygen permeable lens with great comfort would likely significantly increase the number 
of patients to engage in orthokeratology for the correction of refractive error. 
Methods 
The protocol for this study was submitted to and approved by the IRB of Pacific 
University. Eleven of the original fourteen subjects from the initial study 1 , ages 22-35 
were recruited to participate. All subjects were myopic, with the range of refractive error 
from -0.50D to -8.00D. Informed consent was obtained from all subjects. 
Subjects were fit with a pair of Focus Night & Day (Ciba Vision) silicone hydrogel 
contact lenses (8.4 BC, 13.8mm diameter, -9.00D). Each patient was fit with contact 
lenses on both eyes, one contact lens inverted and one non-inverted, corresponding with 
the initial study randomization, to enable comparison between different contact lens 
powers. Subjects were not informed which eye was fit with the inverted lens. 
Biomicroscopy examination was used to confirm the proper orientation of the contact 
lenses. Subjects then wore the contact lenses continuously for 12 hours (including 8 
hours of sleep time) and reported back to the clinic the following morning. Due to the 
presence of refractive error, subjects were driven home and picked up the following 
mormng. 
The following morning, upon arrival to the clinic, the contact lenses were removed from 
both eyes of each subject. Corneal topography maps were acquired for each eye to assess 
changes in slope utilizing a Medmont E300 Corneal Topographer with Medmont Studio 
version 3.9.8 software (Camberwell, Australia). All topography data was acquired by an 
investigator who was unaware of which eye contained the experimental (inverted) lens. 
Analysis of change included subjective generalized changes in topography and changes at 
three points on the horizontal axis including: 1) the centermost point 2) 1.5mm nasal to 
center, and 3) 1.5mm temporal to center. Subjects then completed a comfort 
questionnaire by providing verbal responses to questions read aloud by an investigator. 
The comfort questionnaire required subjects to grade comfort on a scale of 1 to 10, with 1 
representing "not at all comfortable" and 10 representing "very comfortable". Comfort 
was graded upon insertion of the contact lens, immediately upon awakening in the 
morning following overnight wear, and following removal of the contact lenses. Subjects 
were thanked for their time and released. 
Results 
Results are reported for corneal topography changes from baseline to an experimental 
condition following 12 hours continuous wear (8 hrs of sleep time) of -9.00D silicone 
hydrogel contact lenses. The experimental condition of the present investigation, 
overnight wear of -9.00D was also compared to a previously conducted study in which 
patients' topography was assessed following overnight wear of -6.00D silicone hydrogel 
contact lenses. These two experimental conditions were compared to evaluate for an 
increased change in corneal topography with contact lenses of increased power with 
assumed increased thickness and rigidity. Subjective comfort data regarding patient 
tolerance of the inverted and non-inverted contact lenses was also collected. 
Statistical analysis was performed comparing corneal topography at baseline, following 
overnight wear of -6.00D contact lenses (one inverted and the other non-inverted), and 
following overnight wear of -9.00D contact lenses (one inverted and the other non-
inverted). Comparison between the inverted and non-inverted lens topography changes at 
each of the experimental conditions was also performed. Paired t-tests were performed to 
determine statistical differences between conditions. 
Baseline versus -9.00D 
The data for each individual subject are contained in tables 1 and 2. Significant change 
was noted only at the nasal location. The mean difference at the nasal location between 
the non-inverted and inverted lens was 0.693 D (95%CI 0.244 to 1.142). Paired t test 
yields p=.0063 t = 3.441, with DF = 10. Differences at other locations were not found to 
be statistically significant. Figures 1 and 2 show the magnitude of corneal flattening at 
the nasal location with -6.00D and -9.00D contact lenses, respectively. 
-6.00D versus -9.00D 
The mean difference at the nasal location between the -9.00D and -6.000 inverted lenses 
was 0.527 D (95%CI 0.222 to 0.833). Paired t test yields p=0.0032. t = 3.84 with DF = 
10. Figure 3 compares the degree of nasal corneal flattening between -6.00D and -9.00D 
contact lenses. Differences at the other locations were not found to be statistically 
significant. Table 3 contains the difference data between the -6.00D lens and the -9.00D 
lens for each of the subjects. 
Subjective Comfort 
Overall comfort between the inverted and non-inverted lenses was assessed on three 
measures: comfort immediately after lens insertion, comfort immediately upon 
awakening, and comfort immediately following lens removal. Additionally, habitual 
comfort upon awakening without contact lens wear was recorded for comparison. On all 
three measures, subjective comfort was not significantly different. These results coincide 
with the study by Williams and Westberg. Individual comfort data are displayed in table 
4. 
Discussion 
Presently, orthokeratology is utilized to reshape the cornea with overnight rigid contact 
lens wear. The goal of corneal reshaping is to flatten the corneal curvature sufficiently to 
effect changes in refractive error to achieve emmetropia and realize adequate daytime 
visual acuity without the use of spectacle or contact lens wear. The present study shows 
that statistically, but not clinically, significant topography changes occur at the 1.5mm 
nasal location following overnight wear of inverted silicone hydrogel contact lenses. 
The results show topographical differences between inverted and non-inverted lenses as 
well as differences correlated with the increased thickness of the -9.00D contact lens 
versus the -6.00D contact lens. Greater corneal flattening was realized with inverted 
silicone hydrogel contact lenses vs non-inverted lenses. Further, the effect was greater 
with higher powered minus lenses. Notably, the only significant degree of corneal 
flattening occurred at a nasal position. This was an interesting finding that suggests that 
the location of corneal topography change is predictable. The study by Williams and 
Westberg drew this same conclusion. It is not clear why the effect occurs here not at 
other locations, perhaps it is due to a nasal decentration effect that occurs when sleeping. 
Additionally, the demonstration of an increase in magnitude of corneal flattening with the 
presumed thicker and more rigid contact lenses provides further support for the 
possibility of designing a silicone hydrogel lens to be capable of effecting predictable 
corneal topographical changes. These data suggest that an appropriately designed silicone 
hydrogel lens may be able to effect predictable changes in corneal topography. 
Both inverted and non-inverted contact lenses were well-tolerated during overnight wear. 
No significant difference in comfort was reported, which is a finding that surprises most 
experienced clinicians. Conventional soft lenses that accidentally are inserted inside out 
are not as tolerable, as patients clinically report immediate discomfort 4. 
It is important to note that simply wearing inverted lenses can cause unwanted changes in 
both visual acuity and corneal topography The present investigation provides support for 
further studies to address the ability of appropriately designed silicone hydrogel lenses to 
be utilized as an orthokeratology modality. Additional variables of significance include 
increasing the duration of overnight wear, lens centration, and effects of different contact 
lens curvatures. 
1. Williams K, MD W. Some Topographical changes Associated With Silicone 
Hydrogels Contact Lenses May Be Due to Inverted Lenses. Pacific University. Forest 
Grove, OR, 2004. 
2. Mountford J. Unintended Orthokeratology Effect of Silicone Hydro gels on 
Hypermetropic Patients. August ed: Silicone.Hydrogels.Org, 2003; v. 2004. 
3. Steffen R, Schnider C. A Next Generation Silicone Hydrogel Lens for Daily 
Wear, In: Part 1-Material properties. Optician 2004;227(5954):23-5. 
4. McMonnies CW. Aftercare Symptoms Signs and Management. In: Speedwell L, 
Phillips A, eds. Contact Lenses, 4th ed. Oxford: Butterworth-Heinman, 1997. 
Figures 
Figure 1. Change from baseline with the non-inverted and inverted -6.00D lens, 
measured 1.5 mm nasal of center on the tangential topography map1• 
Figure 2. Change from baseline with the non-inverted and inverted -9.00D lens, 
measured 1.5 mm nasal of center on the tangential topography map. 
Figure 3. Change at the nasal location with the inverted lens was significantly greater 
with the -9.00D than with the -6.00D lens. 
Tables 
Table 1. Corneal Topography Changes in Diopters from Baseline with Overnight Wear 
of -6.00D Silicone Hydrogel Contact Lenses1• 
Table 2. Corneal Topography Changes in Diopters from Baseline with Overnight Wear 
of -9.00D Silicone Hydrogel Contact Lenses. 
Table 3. Corneal Topography Difference (in Diopters) from Overnight Wear of -6.00D 
to -9.00D Silicone Hydrogel Contact Lenses. 
Table 4. Ocular comfort grading (l=not at all comfortable, IO=very comfortable). 
Figure 1. Change from baseline with the non-inverted and inverted -6.00D lens, 
measured 1.5 mm nasal of center on the tangential topography map1. 
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Figure 2. Change from baseline with the non-inverted and inverted -9.00D lens, 
measured 1.5 mm nasal of center on the tangential topography map. 
-1.59 
Change in Radius 1. 5 Nasal with 9 D leao; 
R = regular F = Flipped 
N R Bv9 N F Bv9 
Group 
T Min-Max 
• Median 
25%-75% 
Figure 3. Change at the nasal location with the inverted lens was significantly greater 
with the -9.00D than with the -6.00D lens. 
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Table 1. Corneal Topography Changes in Diopters from Baseline with Overnight Wear 
of -6.00D Silicone Hydrogel Contact Lenses1 . 
Nasal Temporal Temporal 
Subject 1.5mm Nasal1.5mm Central Central 1.5mm 1.5mm 
Non- Non- Non-
Inverted Inverted Inverted Inverted Inverted Inverted 
1 0.000 -0.700 -0.200 -0.400 -0.200 -0.100 
2 -0.100 0.000 -0.500 -0.700 -0.300 -0.600 
3 0.100 -0.100 -0.100 -0.600 -0.300 -0.700 
4 -0.200 -0.400 0.600 -0.700 -0.100 -0.400 
5 0.200 -0.700 -0.300 -0.200 -0.200 0.000 
6 -0.200 -0.700 -0.900 -0.300 -0.100 -0.400 
7 -0.200 -0.700 -1.100 -0.600 -0.400 -0.300 
8 -0.200 -0.700 -0.400 -0.100 -0.100 -0.100 
9 -0.100 -0.300 -0.600 0.300 -0.600 -0.500 
10 -0.400 -0.200 0.300 0.100 0.100 -0.300 
11 -0.100 0.100 -0.200 0.000 -0.300 -0.400 
Mean 
Change -0.1 09 -0.400 -0.309 -0.291 -0.227 -0.345 
SD 0.164 0.316 0.487 0.342 0.185 0.216 
Table 2. Corneal Topography Changes in Diopters from Baseline with Overnight Wear 
of -9.00D Silicone Hydrogel Contact Lenses. 
Nasal Nasal Temporal Temporal 
Subject 1.5mm 1.5mm Central Central 1.5mm 1.5mm 
Non- Non- Non-
Inverted Inverted Inverted Inverted Inverted Inverted 
1 -0.125 -1.700 -0.225 -0.300 -0.225 -0.125 
2 -0.400 -0.800 -0.275 -0.775 -0.250 -0.175 
3 -0.100 -1.425 0.025 -0.850 -0.300 -0.500 
4 -0.625 -0.900 -0.150 -0.525 -0.625 -0.725 
5 -0.100 -1.350 -0.800 -0.300 -0.625 -0.525 
6 0.000 -1.275 -0.775 -0.675 -0.400 -0.500 
7 -0.200 -1.500 -0.400 0.200 -0.200 -0.100 
8 -0.300 -0.875 -0.975 -0.500 -0.175 -0.225 
9 -0.100 -0.100 -0.575 0.475 -0.300 -0.500 
10 -0.500 -0.250 -0.450 -0.500 -0.250 -0.400 
11 -0.125 -0.025 0.375 -0.225 0.100 -0.300 
Mean 
Change -0.234 -0.927 -0.384 -0.361 -0.295 -0.370 
SD 0.197 0.587 0.394 0.402 0.204 0.200 
Table 3. Corneal Topography Difference (in Diopters) from Overnight Wear of -6.00D 
to -9.00D Silicone Hydrogel Contact Lenses. (Minus sign indicates more flattening) 
Temporal Temporal 
Subject Nasal1.5mm Nasal1.5mm Central Central 1.5mm 1.5mm 
Non- Non- Non-
Inverted Inverted Inverted Inverted Inverted Inverted 
1 -0.125 -1.000 -0.025 0.100 -0.025 -0.025 
2 -0.300 -0.800 0.225 -0.075 0.050 0.425 
3 -0.200 -1.325 0.125 -0.250 0.000 0.200 
4 -0.425 -0.500 -0.750 0.175 -0.525 -0.325 
5 -0.300 -0.650 -0.500 -0.100 -0.425 -0.525 
6 0.200 -0.575 0.125 -0.375 -0.300 -0.100 
7 0.000 -0.800 0.700 0.800 0.200 0.200 
8 -0.100 -0.175 -0.575 -0.400 -0.075 -0.125 
9 0.000 0.200 0.025 0.175 0.300 0.000 
10 -0.100 -0.050 -0.750 -0.600 -0.350 -0.100 
11 -0.025 -0.125 0.575 -0.225 0.400 0.100 
Mean 
Change -0.125 -0.527 -0.075 -0.070 -0.068 -0.025 
SD 0.175 0.455 0.505 0.380 0.303 0.261 
Table 4. Ocular comfort grading (I =not at all comfortable, lO=very comfortable). 
Comfort Comfort Comfort Habitual 
Upon Upon Immediately Comfort 
Insertion Awakening Following Upon 
Removal Awakening 
Normal Inverted Normal Inverted Normal Inverted 
Mean 8.82 7.45 8.36 7.23 9.55 8.77 9.32 
so 1.25 1.44 1.57 2.04 0.52 1.51 0.78 
